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Abstract 

We investigate a scalar sector of the supersymmetric 5'[/c(3) ® SUii'^) ® Un{V) 
model with right-handed neutrinos. The mass spectra are derived. We show that 
only neutral Higgs sector with lepton number L = could have a VEV. There is no 
mixing between scalars having L = and bilepton scalars having L = 2. There are 
six Goldstone bosons: two in neutral sector, three in pseudo-scalar sector and one in 
charged scalar sector. For a given set of input parameters (five from the F terms and 
two from the soft term) all the scalar sectors in this model contain the upper limit of 
230 GeV to the mass of the lightest scalar, which are in agreement with the lower limit 
of the SM Higgs boson obtained by LEP. 

PACS number(s): 12.60. Jv, 12.60.Fr. 
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1 Introduction 



The models based on the SU(3)c ® SU(3)l ® U(l)x (called 3-3-1 models) [H 12 EI provide 
possible solutions to some puzzles of the standard model (SM) such as the generation number 
problem, the electric charge quantization jlj. Since one generation of quarks is treated 
differently from the others this may lead to a natural explanation for the large mass of the 
top quark These models also furnish a good candidate for self- interacting dark matter 
(SIDM) since there are two Higgs bosons, one scalar and one pseudoscalar, which have 
the properties of candidates for dark matter like stability, neutrality and that it must not 
overpopulate the universe 0, etc. 

There are two main versions of the 3-3-1 models as far as lepton sector is concern. In 
the minimal version, the charge conjugation of the right-handed charged lepton for each 
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generation is combined with the usual SU{2)l doublet left-handed leptons components to 
form an SU{'i) triplet (i/, No extra leptons are needed and there we shall call such 
models minimal 3-3-1 models. There is no right-handed (RH) neutrino in its minimal version. 
Another version adds a left-handed anti-neutrino to each usual SU{2) l doublet left-handed 
lepton to form a triplet. This model is called the 3-3-1 model with RH neutrinos. 

The supersymmetric version of the model of Ref . jHI has already been presented in Ref . jZj . 
However, the authors of Ref. !7J have just mentioned on the neutral Higgs sector. The Higgs 
sector still remains one of the most indefinite part of the SM, but it still represents a funda- 
mental rule by explaining how the particles gain masses by means of an isodoublets scalar 
field, which is responsible for the spontaneous breakdown of the gauge symmetry, the process 
by which the spectra of all particles are generated. The Higgs mechanism plays a central role 
in gauge theories. In this paper we will consider in detail the Higgs sector of the model. 

This paper is organized as follows. In Sec. |21 we review the non-supersymmetric 3-3-1 
model with RH neutrinos and introduce the respective superpartners. The construction of 
the supersymmetric scalar potential is discussed in Sec. El while in Sec. El we derive the 
mass spectrum of the scalar sector of the model. The numerical analysis are given in Sec. El 
and our plots are presented in Sec. IHl Finally, the last section is devoted to our conclusions. 

2 A review of the model 

In this section we present one review of the model we will consider on this work. 

2.1 The non-supersymmetric 331 model with RH neutrinos 

Let us first summarize the non-supersymmetric model [HJ. The leptons transforming under 
the 3-3-1 factors as 



In the quark sector we have the first two families transforming as antitriplets of S'f/(3) l 




(2.1) 



with a = e, and z/^ = Cua^, plus the singlets 



aL 



(1,1,1). 



(2.2) 




(2.3) 



with the respective singlets 



<L ~ (3* 



1,-2/3), rf^i, n 



(3* 



1,1/3). 



(2.4) 
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The third family transforms as triplet under SU{3) l 

( Us 



Q 



3L 



d, I ~ (3, 3, 1/3), 



and their respective singlets 

ul^, T^~(3M,-2/3), 4^~(3M,l/3). 



(2.5) 



(2.6) 



In the scalar sector only two triplets t] ~ (1, 3, —1/3) and p ~ (1, 3, 2/3) are necessary to 
break appropriately the gauge symmetry and also to give the correct mass to all the fermions 
in the model. However, to eliminate flavor changing neutral currents we add an extra scalar 
triplet transforming like rj. Therefore, the scalars of our model are written as 



P 



Pt 
P' 
Pt 



X 



;i,3. 



X? 
X 

xl 



2/3), 



(1,3,-1/3), 



[2.7) 



and we will denote the vacuum expectation values which are different from zero as f = (r/i), 
w = {xD and u = (p°). 

Despite rj and x have the same quantum number, but they members are quite different 



,pt,p',xl) 



L{vlpt,x'i,X 



0, 



(2.8) 



The and Xi are scalar bileptons L{rj2, Xi) — 2, while p°, X2 ^'^ '^o^ have lepton number 
L{p^,X2) = |H]. It is to be noted that, only pure {without lepton number) neutral scalars 
can have VEVs. 

With this mention, one expect that the would-be Goldstone bosons coming from the 
Higgs potential can be written as: 

/ 



P 



G 



w 



u + iGz 




V + iOz 

— Gyi/ 





X 



Gy 

w + iGz' 



[2.9) 



where G^ 



w Gy and G^xi 



G^x are the would-be Goldstone bosons for the fields W^, Z, 



and X''*, respectively. The p and 77 components give origin to the charged Higgs if"*", 
odd-A°, even- if ° (all with masses of the order of scale of energy of the first symmetry 
breaking) and the light Higgs coming from the electroweak scale. The Higgs fields pt, 
and X2 have a mass proportional to the scale w. The other fields of x give origin to 
the would-be Goldstone bosons of Y~ and Z'. All the scalar fields, except for have 
masses of the order of the first symmetry breaking M^. 
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2.2 Supersymmetric partners 



Now, we introduce the minimal set of particles in order to implement the super symmetry. 
Here we will follow the usual notation writing for a given fermion /, the respective sfermions 
by / i.e., I and q denote sleptons and squarks respectively [0]. Then, we have the following 
additional particles 



Q 



aL 



-'aL 



/ da \ 

Ua ~ (3,3*,0), QsL 
V Da ) ^ 

( Va \ 

Z; -(1,3,-1/3), 



Ms 

4 I -(3,3,1/3), 



(2.10) 



VaL ~ 



:i,i,i), 



(3*, 1,-2/3), 4, D^^- (3*, 1,1/3), 



(2.11) 



with a = e, fi,T; i = 1,2,3; and a = 1,2. However, when considering quark (or squark) 
singlets of a given charge we will use the notation u^^, d^j^ {un, dl^ with = 1, 2, 3). 

The supersymmetric partner of the scalar Higgs fields, the higgsinos, are 



7.+ 



(Pi 
P' 

V Pt 



, X 



X 

xl 



(1,3,-1/3), 



:i,3,2/3). 



:2.i2) 



and the respective extra higgsinos, needed to cancel the chiral anomaly of the higgsinos in 
Eq. (j2II2D, are 



7] 



P' 



^2° 

(Pi 
P" 
V P2 



;i,3*,l/3). 



;i,3*,-2/3). 



:2.i3) 



and the corresponding scalar partners denoted by r]',^', p', with the same charge assignment 
as in Eq. (IZT!?|) . and with the following VEVs: v' = {r]f), w' = {x'2) and u' = (p'°). 
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Concerning the gauge bosons and their superpartners, if we denote the gluons by g'^ 
the respective superparticles, the gluinos, are denoted by A^, with h = 1, . . . , 8; and in the 
electroweak sector we have V^, the gauge boson of SU{?>)l, and their gauginos partners A^; 
finally we have the gauge boson of f/(l)iv, denoted by V , and its supersymmetric partner 
\b- This is the total number of fields in the minimal supersymmetric extension of the 3-3-1 
model of Refs. 0. 



3 The supersymmetric scalar potential and mass spec- 
trum 

It is well known that in supersymmetric models, that the contributions to the scalar potential 
arise from three sources - the auxiliary F- and D- fields fTU] and the soft terms 0. 

On this article we will write only necessary terms to pick all the terms needed to construct 
the scalar potential of our model, see [7 to the complete lagrangian. 

3.1 Elimination of the auxiliary fields 

The lagrangian of the gauge sector is a source of the D- terms and it is written as 
= \j d^O Tr[WcWc\ + Tr[WcWc] + \ j (fOWW 

+ \j d^O TrlWcV^c] + \jd^O Tr[Wc^c] + \j d^WW , (3.1) 



where Wc, W and W are fields that can be written as follows 
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W[ = -^DDD^V', ( = 1,2. (3.2) 



The coupling gs is the gauge coupling constants of SU{3)c while g and g' are the gauge 
coupling constants of SU{3)l and U{l)]\f, respectively. 

In the scalar sector, both F- and D- terms yield the following lagrangian 



jrscalar ^ , ^4^ 



+ [ d^ew + f (few. (3.3) 



W is the superpotential of the model, it is only F- term source. The superpotential is 
decomposed as follows 

Wo W-^ 

W = ^ + ^ (3.4) 

and it can be written explicitly as 

W2 = POaLafl' + filaLaX + fJ'jjVV + fJ'xXX + P'pPP , 

W3 = XiabLaPll + X2atLaXP + X-iatLaf]f) + X^abeLahp + KiiQj,fl'u1 + k\Q2,t)' u" 

+ f^2iQ3X'ut + K.2Q3XU"' + K^aiQaVdi + n'^^pQaVd'^ + K,4aiQapUi + K.'iaQaP^'" 

+ K^iQsp'dl + Kg^Qsp'rf^ + KQaiQaXdt + i^'dapQccXd'p + hepxfi + f[ep'x'ri' 

+ Caf3-(^QaQf3Q'y + X'^^^QaLad'^ + A^'^-^rf^M^rf^ + ^lijfsd'^u'^jd'^ + i2aa(}Q aLad'p 

+ i^^pdlu'^d'l + uA^'"d', + ^^a^p€^td'|^ + i,c.^d'^u''d'l (3.5) 

The coefficients Pq, pi, p^, Pp and p^ have mass dimension, while all the coefficients in 
are dimensionless. 

To get the scalar potential of our model we have to pick up the F and D- terms, from 
Eqs. fl;^.ll;^.;^l;^.5l) and get 



c 



D 



\Pr^ + l-^pP + l-^xl^ + |-^r?'P + l-^p'P + l-^x'l 



+ + ^F, + r^t^ + ^\Fl) + ^(pF,, + p'F, + p^Fl, + p't^t) 

+ ^{pFp, + p'F, + ptF; + p'tF/) + i [/ie(F,xr7 + pF^r/ + pxF, 

+ + P^i^i^^ + P'X^FD + /(e(F,,xV + P'^^x'V + P'x'i^,' 

+ Ftx'^r/'t+p'tF^,^'t + p't^'ti.t)- ^ 



r> gauge , r> scalar 
J-D -f- J-D 

-D^D" + i/^D + - 
2 2 2 



r/U'*// + pUV + x^A"x - V^A*"V - p'U*>' 



-3^^^ + 3^ - gX^X + gX ^X + gPV " gP V 



(3.6) 



We will now show that these fields can be eliminated through the Euler-Lagrange equa- 
tions 



— -d -0 

d(f) 9(9^0) 



(3.7) 



where = 77, p, x, p', x'- Formally auxiliary fields are defined as fields having no kinetic 
terms. Thus, this definition immediately yields that the Euler-Lagrange equations for aux- 



iliary fields simplify to 



dC 



0. 
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Applying these simplified equations to various auxiliary F-fields yields the following 
relations 



Ft 



Ft 

X 



F^, 



/^p / , /i 

yP + yex^ 
fx' + ^epv 
y^ + yep X 
P + f exV 



• F = — 



; Fx 



T^' + y ^P'x^) 
f P'^ + f extr^t^ 

' Px /t I t t 1 

(fx' + f ^pS'*' 



Using these equations, we can rewrite Eq. ()3.6|) as 

Cp = — (|F^|^ + |Fp|^ + |F^|^ + |F^/|^ + |Fp/p + |F^/|^) . 
Performing the same program to D-fields we get 



D 



9 

I 
2 



r^tA^'r/ + ptA> + x^A^x - V^A*"V - p'+A^V - x'tA*"x' 



1 't.' 



3 ' ' 3 

which is in accordance with Eq. ()3.(i|l 



7] "rj 



gX'X + gX ^X + gP^P " gP ^P 



(3.8) 



(3.9) 



(3.10) 



D 



(3.11) 



3.2 The soft term 



Now we are considering the last source to construct our scalar potential. The most general 
soft supersymmetry breaking terms, which do not induce quadratic divergence, where de- 
scribed by Girardello and Grisaru ^Tj. They found that the allowed terms can be categorized 
as follows: a scalar field A with mass terms 

-m^A^A, (3.12) 

a fermion field gaugino A with mass terms 

-^{M^X^X^ + Hx) (3.13) 
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and finally trilinear scalar interaction terms 

e'^''AiAjAk + H.c. (3.14) 

The terms on this case are similar with the terms allowed in the superpotential of the model 
we are considering. 

Of course, the form of these terms, depend on the model we are considering, in our case 
see j7]. The only necessary part for us on this article is given by 

r-Soft 2t 2t 2t 2 li I 2 i\ I 2 i\ i 

^scalar = -m^r]^r] - m^p^ p - m^xx ^ '^rj'V V - mp,p^ p - m^,X^X 

+ [kieijkpiXjVk + K^ijkp'iXjV'k + H.c.]. (3.15) 



4 The supersymmetric scalar potential and mass spec- 
trum 



The pattern of the symmetry breaking in this model is given by the following scheme 
MSUSY331 ^*SU(3)^ ® SU(3)^ ® U(l)^ SU(3)^ ® SU(2)^®U(1)^ 



SU(3)^ ® U(l) 



Q 



(4.1) 



In the considered model, we have three extra triplets, therefore in the neutral scalar 
sector we have 10 x 10 matrix instead of 5 x 5 in the non-supersymmetric gauge theory 
SUc{S) ^SUl{S) 0f/Ar(l) jnilEl- As mentioned in the supersymmetric Higgs potential 
can be written: 

VsSlSUSYRN = Vp + Vd + Vsoit, (4.2) 

where 



E 

ijk 



•m 

1 I /^X / I /l , f^p / , Jl 

Y^i + J^^jkPjXk + Y^i + j^ijkVjPk + yPi + yCiifcXi^fc 



// ^ £f 

1 / / J \ II 

Y^i + Y^ijkPjXk + yXi + y eijfc^jPfc 



+ 



Pp , fi II 
-77Pi + -T^ijkXjVk 



The second term is given by 



(4.3) 



Vd = -CD = \iD^D'^ + DD) = ^(^-^r^^r^+^r^'^r^'-^X^X + lx'^x' + lp^p-lp'^p' 



+ 



9 (J^b 



i\ \ *bi \2 



(4.4) 



and 



-ir r 2ti2ti2ti2/t/ 

+ '^I'p^p + m\,x^x - (^ijkihpiXjVk + KpiX'jV'k + h.c). 

For convenience, we rewrite the expansion of the neutral scalar fields: 



u + pi + ip2 






/ v + r]i + ir]2 \ 




( Xi + iX2 


V = 




X = 







V m + m J 




^ w + X^ + iXi 



(4.5) 



(4.6) 





( v' + r][ + %rl2 \ 












V ^3 + ^^4 / 





Similarly for the prime fields 

/ 

P'= «' + p'i+^P2 I (4.7) 

V 

For the sake of simplicity, here we assume that vacuum expectation values (VEVs) are real. 
This means that the CP violation through the scalar exchange is not considered in this work. 

Then, the real part, of Eqs. ()4.6|4.7|) . (r^i, 77'^, xi, x'l; •••) are called CP-even scalar or scalar, 
while imaginary parts (?72, ''72? X2, X25 •■■) " CP-odd scalar or pseudoscalar field. In this paper, 
we call them scalar and pseudoscalar. Returning to Eqs ()4.3|) - fj4.5|) . by requirement of 
vanishing the linear terms in fields, we get, in the tree level approximation, the following 
constraint equations 



36f 



' „/2 



- Vlvv g^ - 4w' g'^ - ^vw^g^ ^vvl g^ - 36wuki + 8vu g 
+ 9vp'^ + 12v^g'^ + 2v^g''^ + Gwu'ppfi + Guw'p^fi + Gw'u'prjf'i 

-36vuki + Gvu'ppfi — Qv'^wg^ + Av^wfl + Av^wg''^ + 6v'up^f[ 



Gwu^g'^ + Awv^ fl — Swu^g'^ + 6wv' g^ — Awv' g'^ + 6uv'pr]fi 
Uww'^g^ - Aww'^g'^ + 6wu'^ g^ + Swu'^g'^ + 9wpl + 12w^g^ + 4w^g'^ 



36m 



-36vwki + Gvw'p^fi — Gv'^ug'^ + Av^ufl — Sv^ug''^ + 6wv'pr]fi 

- Qw^ug^ + Aw'^ufl - Sw'^ug''^ + Quv'^ g"^ + Suv''' g'"^ + Quvo'^g"^ + IQu^g'"^ 

- [-I2v'^v'g'^ - Av'^v'g'^ + 6wupr,fi + Qwup^f[ + Gw'^v'g'^ 



- Aw'^v'g''^ + 6uw'pJ[ + Qu'^v'g^ + Su'^v'g'^ - Qv'w'^g^ + Av'w''^{f[y + Av'w'^g''^ 



36w'uk[ — 6v'u" g^ + Av'u\f[Y — Sv'u" g'^ + dv'pf^ + 12v''' g^ + Av' g'^ 

9 



ml, 



+ 



+ 



6u^w'g^ + Su^w'g'^ - 36v'u'k[ - Gv'^w'g^ + Av'^w'{f^f + Av'^w'g'^ 
6w'u''g^ + Aw'u'\f[f - 8w'u'"g'^ + W/xJ + i2w"g^ + Aw'^g'^) , 

(Gvwapfi + 6vw'a„f{ + Qv^u'g"^ + Sv^u'g'^ + Gwv'ayf, + QnP'u g"^ 

36m' \ ' ' 

^w\'g'^ - Uu'u'g^ - lQu\'g'^ - ?,Qv'w'k[ - Qv'\' g^ + Av'\'{f[f - ^v'\'g'^ 
6w'\'g^ + 4w'\'{f[f - Sw'^u'g'^ + 9uVp + ^'^u'" g^ + 16u''g'^) . (4.8 



The most general scalar potential (i.e. the one including all terms consistent with the 
gauge invariance and renormalizability as considered in [71) is very complicated. However, 
we can use one approximation to simplify our analysis. Before writing this approximation, 
we will analyze the gauge sector. 

We can write the gauge mass term as 



Cmggs = {V^7])\V"'r]) + (P„p)t(I)™p) + (D^x)H^^'"x) + {V^ri)\V--ri) 

+ (p;;p')^(^p') + (^X')^(^X'), 

where is the triplet covariant derivative given by 

while T>rn is the anti-triplet covariant derivative, and it is written as 

^m<\>i = dm(t)i + ig{Vm-^ (pj + ig' N^y^(l)i, 



(4.9) 



(4.10) 



(4.11) 



and = ri,p,x,v',p',x'- 

The non-Hermitian gauge bosons V2 W+ = - iV^, V2 Y' = - iV^, V2 
~ "^Kn have the following masses [Sj: 



w 



(4.12) 



where = v"^ + f = u'^ + -u'^ and = + w''^. 

While in the {V^m, Vsm, Kn) basis we have the mass square of the real vector bosons given 

by: 



9_ 
4 



73 - 



\ 
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1+2 



(4.13) 



The eigenstates of Eq. ()4.13p are 



= 4^ - ^Vs,^ + V:^ , (4.14) 



for the photon, and 



4^2 + 15^2 + 9 

and 



't2 + 3\ t 



(4.15) 



70/ 



- ^ (^^s™ + (4.16) 

for the and Z^', we have neglected the mixing among Z^ and Z^' . Their masses are 

Ml = (4.17) 

Ml - + (4.18) 

so that Ml/M^ ^ (3 + 4t2)/(3 + t^) = 1/ cos^ ^ly, and 

'^-f^V- , ^T',^. ■ (4.20) 



^ y 1 - I sin^ d 



'W 



Eq. ()4.12p yields the splitting between the bilepton masses 

|M^-M^|<M^ (4.21) 

which is the same as in the non-supersymmetric version |13j . 

The Eqs. fl4.13l4.12|) are very important, because the new gauge bosons must be suffi- 
ciently heavy to keep consistency with low energy phenomenology. Due this fact the VEV's 
satisfy the conditions [7j: 

w,w' :$> v,v',u,u' (4.22) 

which are followed from vanishing coupling constant of singlet fields to the SM gauge bosons. 
In this paper, we will use this approximation. 

The mass matrices, thus, can be calculated, using 
and evaluated at the chosen minimum, where (j) = r], p, x, f]\ P\ x'- 
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4.1 Spectrum in the neutral scalar sector 

In the approximation ()4.22|) . the mass square matrix of scalar particles in the base of {rji, pi, 
ri[, p[, ri3,ri'^, Xi^x'i^ Xs^Xs); after imposing the constraint equation, has the form following 



Ml 



( Ml^^ 










where 



/ 

2 



m, 



\ m, 



VI Pi 













































2 

mriipi 





Kp[ \ 






















/ 



(4.24) 



A/f2 - ^ 



w'^ —WW 
-ww' w 

,2 



2X3X3 r y ; ^ ^,2 j 

We see that, at the tree level, 773, 773 are eigenstates already with masses 

1 



m. 



(4.25) 

(4.26) 
(4.27) 

(4.28) 
(4.29) 



We remind that ri3,ri'^, Xi; x'l are bilepton, while //i, pi, p[, Xs, x'3 are pure scalars (without 
lepton number). From (j4.24j) it follows that there is no mixing between scalars having 
different lepton numbers. 

From ()4.26|) and ()4.27|) . it is easily to check that 



TrM^ 



DetM, 
^2 



X3,X3 



0, 



TrM 



Xi.Xi 

2 



[w' + w'^) 



1 



^{g" + m{w' + w''']. 



X3,X3 g 

Therefore, there are two neutral scalar Goldstone bosons and another massive scalar 



m 



g f 2 , 

+ 

2 



./2 



w ' 

12 , o„2\ 



^X3X3 



l{g'' + ?>g')[w' + w''')<ml ,. 



(4.30) 
(4.31) 
(4.32) 

(4.33) 
(4.34) 
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Now, we consider 4x4 mass matrix M|^^ of rji, pi,ri[, p[ mixing. The elements of M|^^ 
given at Eq. ()4.25|) are 



fi I 1 



n,p'^ -- -^Px^-Kw'. (4.35) 

We want to remind that the parameters /i^, /ip, yUj^., ki and k'^ have mass dimension, while /i 
and /( are dimensionless, see Eg. ()3.5|1 . 

Solving the characteristic equation, we have four massive fields with the physical eigen- 
values 



<3% = ±7f VKpi + <p; + K;p. + Kip; + (4-36) 

where 



4.2 Spectrum in neutral pseudoscalar sector 



In the pseudoscalar sector, after imposing the constraint equation, we have two Goldstone 
bosonsx4,X4- Those other have mixing square matrix in the base of (772, p2, 1121 P'21 V^i v'ai 
X2, X2), as follows 

\ 

m2 

'74 

m^, 
Ml 



V 



2x2x2 / 



with 





( ° 


^V2P2 







2 

'^mp'i 





^;^P2 







"^Ip. 







V Kp', 





<'2P'2 




2 V WW 


ww' 
' w^ 



Kp', \ 




; 



(4.38) 



(4.39) 



(4.40) 
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We also see that, the bileptons 774,774 do not mix with others, and they are physical fields 
with masses given by 



m: 
m: 



m: 
m. 



2 

'73' 
2 



(4.41) 
(4.42) 



The square mass matrix M^^xJj satisfies condition ()4.32p . Thus, it gives us one Goldstone 



boson and one physical massive field mj ^ with mass: 



771 /■ 



771/ 



(4.43) 



From 4x4 mass matrix Ml^,p,, we get the following matrix elements of Eq. ()4.39|l 





-— /i^^w + kiw = 




Kp', = 




= mip[ 


^l,P2 = 




) = ^vipi 


"^\p', = 


f 

J 1 , 1 ' ' 
-—fx^w + k^w = 





(4.44) 



four massive pseudoscalar bosons with the same mass as in the scalar sector ()4.36p . 

To conclude this section, we note that, the scalar sector contains Goldstone bosons for 
Z, Z' and X^, X^*. 

4.3 Spectrum in the charged scalar sector 

In the charged sector, the 8x8 mass matrix in the basis of rj^ , ,1]'^ , )P2 )P2 
has form as follows: 



with 



/ M2 



M. 



charge 



Acrj' p' 









P2 

771^,„ 
P2 



\ 



m 



V 













2 

771 

V 


Pt 





2 

777- , _ 







777^, , _ 





2 

m , 


Pt 





772^ , ,- 
'7+Pi 







772^,, ,- 
V+Pi 








p 



771^_ ,+ \ 
V Pi ' 



772 ,_ /+ 
V' Pi 



(4.45) 



(4.46) 
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2 

m 

V 




= wki - -w fiji = -m^^p^, 


(4.47) 


m _ 






[4:Ab ) 


v 




1 ^ ' r 2 

= kiw - -w /i^/i = m^-pp 


(A AC\\ 

(^4.4y ) 


2 






(4.5Uj 


2 

v' 


-p^ 


= -g [Wfi^fi + w fipf^) = -m^,^^, 


(4.51) 


m\,_ 


'p'i+ 


= -^wf^xfi + = -^ip'i' 


(4.52) 




■p'r 


= (w/ip/i + w'fir,f[) = -mj^^, , 


(4.53) 




p'r 


= ~wfij[ + w'k[ = -m^,^, , 


(4.54) 



^Icri'p' gives four massive charged scalars having mass as ()4.36|) . 

We have other couple p^, P2' do not mix with others, they are physical fields with masses 
given by 

^2 /2„,,2 

m- = — [w — w ] — , (4.55) 



P2 2 V / 9 

2 /'2,,,'2 



^2, ^ 9 f^..2 ...'2A /l^ 
P2 



{w^-w^)-^-^ = ml (4.56) 



The M|^_^,, 



Mi-,. = C f "T 1 , (4.57) 

X 2 \ —WW w ' ^ ' 



also gives us one Goldstone bosons and one mass as (|4.34p . 

5 Numerical analysis 

We will use below the following set of parameters in the scalar potential [7]: 

= 2, f[ = 10-^ (dimensionless) (5.1) 

and 

= k[ = 10, [GeV], (5.2) 
fx^ = /ip = 10, [GeV], (5.3) 
/i, = 100, [GeV]. (5.4) 
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Here we assume that v = 1000 [GeV], v' = 1500 [GeV]. 

Diagonalizing the matrices we got the mass eigenstates, and below we present our resuhs. 



5.1 Neutral real scalar 

The eigenvalues in (GeV) of M|^^ given at Eq. ()4.36|) 



m^oj = 123.2, (5.5) 



i,lo I = 200.5 (5.6) 

3,4 

Note that the values presented above are in agreement with the current 95% CL mass bound 
on the lightest scalar at MSSM which is 91 GeV [Hj. 

To the case of rj^,!]'.^ at Eqs. ()4.28l4.29|) the eigenvalues in (GeV) are 



480.7, (5.7) 



m^o = 516.6, (5. 



respectively. On the case of the eigenvalues of and M|^g^/^ at Eq. ()4.26|) . we got in 

(GeV) the following value: 



while to M|^^^^ at Ea. KT7l\ . we got 



m^o = 832.7 (5.9) 



m^o = 968. (5.10) 



5.2 Neutral imaginary scalar 

To the eigenvalues of the matrix Mf^/^/, given at Eq. (|4.39|) . we got the following values in 
(GeV) 



I = 120.6, (5.11) 

^1,2 



m\oJ = 201.1. (5.12) 

Our values again are in agreement with the mass bound on the lightest pseudoscalar at 
MSSM which is 91.9 GeV [14]. 

On the other hand the eigenvalue of the massive pseudoscalar of M|^^^/^ is given ate 
Eq. (|5.9p while to the case of r]4,ri'^ is given at Eqs. (|5.7l5.8|) . 
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5.3 Charged sector 

To the eigenvalues of the matrix Ml^^,p,, given at Eq. ()4.54p . we got the following values in 
(GeV) 

^jlKtJ = 102, (5.13) 
y|m^+J = 124.2 (5.14) 

These values presented above are in accordance with the mass bound on the lightest charged 
scalar at MSSM which is 79.3 GeV HU. 

To the case of P2~ , P2 at Eqs. ()4.55p4.5(i|l the eigenvalues in (GeV) are 

^ml+ = 516.4, (5.15) 
y|m^+| = 843.3, (5.16) 

respectively. On the other hand the eigenvalue of the massive pseudoscalar of M^^^^i is given 
at Eq.dEni). 

6 Plots 

Using the values giving at Eqs.(jn3^^S31), going only changing w and w' in our analysis. 

We get the following mass elements matrix to Eq. ()4.35|1 

From the FiglUthe eigenvalue y^m^o at w' = 5000 GeV is 223.7 GeV (Fig. El for w' = 1 

TeV), while in FigOlthe same eigenvalue rise to 224 GeV, at the end, considering FigElwe 
get 224.7 GeV. Then, we can conclude that the lightest scalar mass of our model has the 
upper limit around 230 GeV. 

From the FigjSlthe eigenvalue ^m^o at w' = 5000 GeV is 223.7 GeV (Fig. (HI for w' = 1 

TeV), while in FigHthe same eigenvalue rise to 222 GeV, at the end, considering FigjHlwe 
get 224.7 GeV. Then, we can conclude that the lightest scalar mass of our model has the 
upper limit around 230 GeV. 

From the FigHthe eigenvalue ^m^+ at w' = 5000 GeV is 223.7 GeV (Fig. CHI for w' = 

1 TeV), while in FiglUthe same eigenvalue rise to 224 GeV, at the end, considering FiglT^ 
we get 224.7 GeV. Then, we can conclude that the lightest scalar mass of our model has the 
upper limit around 230 GeV. 

From all our plots we can obviously see that the scalar mass are given by the Eq. ()4.36p . 
as we have mention during this article. 
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7 Conclusions 



On this article we constructed all the spectrum from the scalar sector of the supersymmetric 
3-3-1 model with RH neutrinos. We show that there is no mixing between scalars having 
L = and bilepton scalars having L = 2. On this model we have six Goldstone bosons: two 
in neutral sector, three in pseudo-scalar sector and one in charged scalar sector. We analyze 
also, numerically, the values of the masses of their physical mass spectrum of the scalars. 
All the scalar sector of our model contain the upper limit of 230 GeV to the mass of the 
lightest scalar. All these values are in agreement with the lower limit of the SM Higgs boson 
obtained by LEP. 

The scalar sector of the non-supersymmetric 3-3-1 model was studied at ^21; while the 
production of the standard model Higgs boson at pp colliders was studied in Ref . [12] . On this 
article, if the mass of Z' is not higher than 1 TeV then the process pp — >■ hZ is observable at 
LHC in the case Mh < 780 GeV. If Mz' is from 2 until 4 TeV then the process is observable, 
for Mh < 600 GeV. This analyze is still hold if we assume that the sparticles are heavier 
than the usual ones. 

At last the gauge boson production was analyzed [TH] , and on this article a complete set 
of quadratic gauge boson coupling in both 3-3-1 models was presented. The authors deduced 
that at tree level the quartic divergences are canceled and then unitarity is satisfied. This 
analyze is still hold on this model. 

Acknowledgement: This work was supported in part by National Council for Natural 
Sciences of Vietnam contract No: KT - 41064. 
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Figure 1: The masses ^rnj^o (red lines), and y/m^o (green lines) of the 4x4 matrix in the 
neutral scalar as function of w'. 
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Figure 2: The masses yw^^o (red lines), and y'^^o (green lines) of the 4x4 matrix in the 
charged scalar as function of w' . 
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Figure 3: The masses ^/m^o (red lines), and Jm?jjo (green lines) of the 4x4 matrix in the 
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Figure 4: The masses Jrr^o (red lines), and Jrn^ (green lines) of the 4x4 matrix in the 



'hi 

neutral scalar as function of w' . 
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Figure 5: The masses y'm^o (red lines), and ^m^o (green lines) of the 4x4 matrix in the 
neutral pseudo scalar as function of w' . 
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Figure 6: The masses y^^o (red lines), and ^Jni^o (green lines) of the 4x4 matrix in the 
charged scalar as function of w' . 
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Figure 7: The masses ■^m\o (red lines), and ^^'n^j^o (green lines) of the 4x4 matrix in the 
neutral pseudo scalar as function of w' . 
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Figure 8: The masses 



(red lines), and 
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neutral pseudo scalar as function of w'. 



(green lines) of the 4x4 matrix in the 
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Figure 9: The masses ^m?^+ (red lines), and ^m?^+ (green lines) of the 4x4 matrix in the 
charged scalar as function of w'. 
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Figure 10: The masses ym^+ (red lines), and ^m^+ (green lines) of the 4x4 matrix in 
the charged scalar as function of w' . 
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Figure 11: The masses ^m^+ (red lines), and ^nij^+ (green lines) of the 4x4 matrix in 
the charged scalar as function of w'. 
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Figure 12: The masses 
the charged scalar as function of w' . 
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(green hues) of the 4x4 matrix in 
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